IN 1932 I described before this Section the case of a female infant, brought to the Glasgow Eye Infirmary with a history of swelling of the lids of the right eye-at birth.
When I saw her for the first time, six days after birth, there was still some cedema of the lids, the cornea was a little cloudy, and focal illumination showed some K.P. and aqueous "flare". Under treatment with atropine and dionine the inflammatory signs disappeared.
The special interest in the case lay in the presence of a number of congenital abnormalities of the eyes, difficult to interpret and to bring into relation one to the other. at the limbus, coloboma of the iris, and bands of white tissue crossing the anterior chamber. Also on the right side there was a small marginal coloboma of the right upper lid and a tiny pit at the junction of the right cheek and the ala nasi, while in the left eye there was a small anterior polar cataract with a remnant of the pupillary membrane attached to it. The normal prominence at the centre of the upper lip was a little elongated.
The patient has been under fairly regular observation until the present time, and has had several partial excisions of the subconjunctival lipomas and one of the dermoids, for cosmetic reasons.
Ophthalmoscopic examination of the right eye was never very easy, but cataract was not noted. The fundus of the left eye was normal.
In December 1940 slit-lamp examination of the right eye showed slight opacity and vascularity of the deepest layers of the cornea, the centre part of the lens was swollen and opaque, the more transparent portion containing many white specks, some iridescent, and there were iridescent lines due to corrugations of the anterior capsule.
Four years later the conditions were similar, the visual acuity being "Fingers" in the right eye and 6/9 in the left. In December 1947 the right was painful, red and watery, as well as unsightly, and the patient, now fifteen years of age, asked to have it removed.
At this date the cornea was somewhat opaque, and details of the iris and anterior chamber were concealed, but the white bands crossing the anterior chamber seemed to have expanded and partly covered the coloboma. Subsequent microscopic examination showed that the deep opacity of the cornea was due to a pannus-like tissue anterior to Descemet's membrane, and that the pupil was obscured by complete opacity of the lens.
After excision, the eye was fixed in 10 % formalin, and bisected equatorially. shrunken, with a particularly ragged margin in the coloboma area. In this region also (upper part of the figure) there was flattening of the ciliary processes, possibly congenital. In about half of its circumference the ciliary body was apparently normal, and normal iris could be seen in the same sector between the lens and the ciliary processes. The posterior half of the eye showed no abnormality.
Celloidin blocks were made, and sections cut antero-posteriorly. In the anterior segment the sections were approximately in the line of the iris coloboma.
HISTOLOGY
In fig. 3 , a low-power view of the anterior part of the globe, many of the important features are visible. The section is not quite central, and one of the connective tissue bands is cut longitudinally, so that it is seen as a complete membrane crossing the chamber from side to side. In this section the iris at the lower nasal (L) side is adherent to the band by a broad synechia, and here the anterior chamber is separated by the band from the true angle.
The central part of the cornea is normal in thickness and general structure, and at the lower nasal periphery it is greatly thickened, partly by the dermoid growth on its surface, and partly by a bulky mass of adipose tissue in its deeper layers. In sections through the point where one of the dermoids was excised the cornea is thin and its superficial layers are composed of scar tissue. The remaining dermoid consists of an implant of corneal epithelium ( fig. 4 ). in parts it contains hair follicles, but there are no sweat glands and no-cyst. The lipoma seems to be self-contained and in none of the sections is there any track connecting it with the subconjunctival tissues. On the opposite side, in some of the sections there is a thinner deposit of adipose tissue in the deepest layers of the corneo-sclera. The canal of Schlemm appears normal in those sections in which the lipoma occupies a relatively small part of the deep layers ( fig. 4 ), but in many of the sections the lipoma extends into the situation normally occupied by the canal (fig. 3 ). The fibrous framework of the lipoma is in continuity, with a layer of fibro-cellular tissue of varying thickness which spreads forward in front of Descemet's membrane towards the centre of the cornea. This no doubt accounted for the extensive opacity of the cornea observed clinically (figs. 3, 4).
Descemet's memlbrane and its endothelium are normal at the centre of the cornea, but at the lower nasal side where the iris is adherent to the cornea or the fibrous band leaves the cornea ( fig. 3 ), Descemet's membrane is continued by a new membrane formation which lines the false angle and spreads on to the anterior surface of the iris or of the fibrous membrane. At the upper temporal side (the coloboma region) conditions are different. Here also there is a false angle formed by the cornea and one of the fibrous bands, where the latter is present ( fig. 3 ) otherwise between the cornea and the lens ( fig. 5 ). Descemet's membrane sweeps around the false angle and becomes contin'uous with, or is superimposed on, the lens, or extends on to the surface of one of the fibrous bands.
The condition of the lens is important. It is displaced in the upper temporal direction and its equator is impacted into a recess in the situation of the angle of the anterior chamber (figs. 3, 6). There is no trace of the iris in this situation, and no remnants of the tunica vasculosa lentis. The lens capsule forms a clear, highly tortuous line, apparently interrupted at some points, and in the region of the false angle it is difficult to' trace. Here a new-formed.glassy membrane, derived from Descemet's membrane, sweeps round the angle and seems to fuse with the anterior part of the lens capsule ( fig. 5 ).
The lens presents, in some respects, the histological characters of a shrinking traumatic cataract. Some parts are in the process of breaking down into globular masses, some are composed of compact fibro-cellular tissue, some are hyaline and others calcified. Here and there the lens contains clusters of cells resembling the subcapsular epithelium, and where it is in contact with the sclero-cornea there are irregular masses of vascular fibrocellular tissue ( fig. 6 ). Outside the lens capsule at its equator, there are several collections of inflammatory cells-lymphocytes, plasma cells, fibroblasts and endothelial cells. In some sections the lens has an irregularly dumb-bell shape due to absence of the nucleus. This appears to be an example of the developmental defect described as "disc-shaped cataract" by Collins (1898, 1908) and as "annular cataract" by von Szily (1938) which, however, is described as "hereditary and congenital, and always bilateral".
In the posterior half of the globe the papilla is seen to be somewhat prominent, but there is no lateral displacement of the retinal layers ( fig. 7) . The capillaries, especially those near the surface of the papilla, are wide and full. In and behind the lamina cribrosa for a distance of 2-5 mm. the central vessels are abnormally wide. The vein which has a maximum diameter of 240 v. runs a fairly straight course, but the artery is tortuous and is cut transversely at several points in its course.
Just under the surface of the papilla at its centre (fig. 7) there is a round darkly staining body (purplish with Weigert's elastic tissue stain) about 300 ,u in diameter, There is cedema in the posterior part of the retina and some cystic degeneration at the macula. COMMENT Cases at all closely resembling this one are apparently rather rare, and it is unusual to have the opportunity to make a histological examination after such a long period of clinical observation. Although at the date of the excision of the eye the cornea had become cloudy and the lens completely opaque, there is no reason to suppose that the intra-ocular conditions had undergone any substantial change in the interval.
Interest naturally centres in the nature and source of the bands of tissue crossing the anterior chamber. This problem and the relevant literature have been discussed by Ida Mann in "Developmental Abnormalities" (1937) . To the naked eye the bands have an almost glassy appearance, and stretch across the chamber from angle to angle as if under some tension. Histologically they are mesodermal in origin, and resemble the sclera in their fibrous, acellular structure and in their staining reactions.
There are two possible explanations of the developme.nt of the bands: (1) that they are the product of an intra-ocular inflammation, and (2) that they are the result of a developmental fault; and there are several arguments in;favour of the latter. In the first place the tissue is acellular and, even where one of the bands is adherent to the cornea or the iris, there is no sign of inflammation at the point of contact. In the second place an inflammation sufficiently intense to produce such a substantial "organized exudate" would have been much more destructive in its effects. Thirdly, the bands have no resemblance in their anatomical relations to the membranes resulting from known forms of endophthalmitis, and lastly, the membranes or bands are seen to emerge or split off from the deep layers of the sclero-cornea in front of the true angle of the anterior chamber.
At the same time there are evidences of inflammation in the coloboma region in the form of vascular scar tissue between the lens and the cornea, the formation of a false Descemet's membrane in the angle and on the surface of the lens, and the collections of inflammatory cells near the equator of the lens.
In the extensive literature of developmental anomalies there are numerous examples of multiple lesions, sometimes entirely ocular, sometimes associated with extra-ocular defects, as in the present case, and it is not uncommon to find, in the same case, inflammatory and non-inflammatory conditions. Von Hippel (1908) called attention to the tendency of colobomatous eyes to severe chronic inflammation and the formation of cataract, and van Duyse (1905) published a case in which coloboma of the eyelid was associated with "intra-uterine iridocycitis".
Cases of antenatal dislocation of the lens, associated with coloboma of the iris, have been discussed by von Hippel (1908), Rindfleisch (1891), Manz (quoted by von Hippel) and others. Manz held that the developing lens renmained too long in contact with the anterior segment of the eye, and thus impeded the development of the iris.
Rindfleisch conceived that an antenatal inflammation led to a perforation of the sclera, loss of aqueous and impaction of the lens at the site of the perforation. In the present case no sign of perforation of the globe could be found.
Ida Mann discusses in some detail the group of cases in which hyaline bands are seen to cross the anterior chamber, in some cases with adhesions to the iris and cornea, and concludes that the underlying factor in these cases is faulty development of the post-endothelial tissue which lies between the surface epiblast and the lens at the 12 mm. stage in the human embryo. This tissue should normally form the iris stroma and pupillary membrane, and detaches itself from the mesoblastic layer which forms Descemet's membrane. Collins believed that such a failure of the development of the anterior chamber could be an impediment to the growth of the iris. So far, therefore, as the fibrous bands in the anterior chamber are concerned, the most satisfying explanation of their origin is that a fault in the splitting of the "postendothelial mesoderm" destroyed the normal relationships of cornea and iris, leaving an incomplete diaphragm of mesoblastic tissue across the anterior chamber.
In our own case the conditions at the coloboma site do not suggest destruction of the iris, but rather a failure to develop. In view of the absence of evidence of perforation of the sclera, the cause of the displacement of the lens is not clear, but it is a feature which has been referred to in many of the complicated cases of developmental anomalies. The embryonic lens vesicle loses contact with the surface ectoderm at a very early stage (the second month in man), the iris and suspensory ligament begin to appear about the third month, but the formation of the anterior chamber by splitting of the mesoderm does not occur until the fifth month. Whatever the cause of the displacement of the lens may be, this could come about, and the lens take up its new position, before the rudiment of the iris appeared, and could thus inhibit the development of the iris in that situation.
It is to be expected that in the case under review the lens, acting as a foreign body, would set up a local irritation leading to inflammation of a mild type, which was active at the time of birth and was responsible for the vascular fibro-cellular tissue in and around the periphery of the lens. The active inflammation in the neighbourhood of the lens would probably account for the symptoms which led to excision of the eye.
We may take it then that at an early period of embryonic life there was a failure of the normal splitting of the mesodermal tissue which goes to form the structures surrounding the anterior chamber. This resulted in the formation of an incomplete diaphragm of mesodermal tissue in the form of glassy-looking bands crossing the anterior chamber from angle tQ angle and attached at several points to the cornea, iris and lens. Displacement of the lens in the upper temporal direction and its adhesion to the corneo-sclera inhibited the development of the iris in that segment. The lens was probably abnormal from the first, with a poorly developed nucleus, and by mechanical and chemical action set up a chronic inflammation in the adjacent sclera. Perforation of the capsule and invasion of the lens by fibroblasts would lead to further degenerative changes.
No explanation can be offered regarding the nature of the association of these lesions and the other congenital anomalies presented by this case-epibulbar dermoids, subconjunctival and deep corneal lipomata, colobomata of the skin and anterior polar cataract.
SUMMARY AND CONCLUSION
A clinical account of a case of multiple congenital anomalies of the eyes in an infant six days after birth was recorded in 1932 (Ballantyne, 1933) , and the more affected eye was obtained for histological examination fifteen years later. At birth there were signs of iridocyclitis, whichcleared up under treatment. The anomalies included coloboma of the right upper lid, subconjunctival lipoma, dermoids at the limbus, coloboma of the iris and bands of glassy-looking tissue crossing the anterior chamber from angle to angle and adhering at several points to cornea, iris and lens.
Microscopic sections brought out the following points: The limbal dermoids consisted of thickening and downgrowth of the corneal epithelium, with hair follicles but no sweat glands and no cyst formation. In some sections the dermoid had the appearance of an epithelial implant, which did not communicate with the surface epithelium. All round the limbus there was adipose tissue in the deepest layers of the corneo-sclera, and at the lower nasal side this constituted a bulky lipoma which showed no continuity with the subconjunctival lipoma. The tissue bands in the anterior chamber, which might be described as an incomplete membrane, stretched across the anterior chamber from angle to angle, emerging from the deep surface of the corneo-sclera about the situation of the canal of Schlemm, and apparently in continuity with the deepest layers. At several points they were adherent to the iris and to the lens.
The lens was displaced up and out and impacted in a recess in the corneo-sclera. Absence of a nucleus gave it in some sections the shape of a dumb-bell.
At the site of the coloboma there was no trace of the iris, and sections showed no persistence of the tunica vasculosa lentis.
At some of the broad adhesions between the iris, cornea and mesodermal bands there was nothing to suggest an inflammatory reaction, but where the equator of the lens was adherent there was evidence of inflammation both old and recent. The mesodermal bands have no resemblance to persistent pupillary membrane or to the organized exudates resulting from endophthalmitis. Their origin is best explained by assuming a failure of the normal splitting of the mesoblast which forms the structures surrounding the anterior chamber, the bands belonging initially to the deep layers of the corneo-sclera and showing the same fibrillary structure and staining reactions.
The lens was probably abnormal from the beginning. The cause of its dislocation is not understood, but it seems justifiable to assume that if the embryonic lens was thus displaced before the appearance of the rudimentary iris it could cause complete inhibition of its growth at that point. It could also cause the chronic inflammation which was in progress at birth, and the acute inflammation which led to removal of the eye.
